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Studins of thc solution propc.ciec of polymers are generally concermed
with the elucldation of the size and shape of the isolated macromolecules and
with the interaction of these molecules in solutions of finite concentration.
A suitable extrapolation to infinite dilution of such functions as reduced
viscosity or reduced osmotic pressure supplies information of the first type,
while the concentratiorn depandence cf these fun:ztions can be interpreted in
" termc of molecular interaction. If the solvent medium or the témpetature is
changed, the extentddf aggregetion-cf the polymer will be affected, but since
the forces between polymer segﬁenté telonging to different macromolecules are
the same as thoso betwaen segfent§<of sny one chain molecule, such chenges will
alter both the interaction par;mctgrs end the paramefers characterising the
isolated polymer moleculs, z : =

An attempt 8t & now spproach éo the study of polymer interasctions ﬂ&s
recently teen reperted from this lgbqratory.(l) Instead of studyiﬁg the
soluiion behavior of a‘singlc poly=or, Solutions of mixtures of two polymers
sirilar cxcept for the presence of a few acidic and basic groups respcectively
were {nvastigated. Thus it Wﬁé'pdséiblc to vary the extent of polymer-polymer
interaction in & constant solvent medium st consteant temperatura by varying
the ratio of the two polymers in solution. Solution viscosity studies showed
that the slopes of reduccd viscosity-concentration plots inereascd sharply
© with an increzasc in the numter of interceting groupse The intrinsic
viscositivs of the mixed polymers, on the other hand, were normal, indicating
that thce offect of volymer association is ¢liminated by the usunl extrapola-

tion procedurc,
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It has boor reported thut tho molecular woights of cartain polymers, as
calouleted from the roduced osmotic pressure cxtrapoistcd to infinite dilu-
tion, vary with tempcraturc or the solvent ﬂcdium(z)(s). This bohevior is
appareontly due %o the formation cf rcletively stable associution complexcs
of the polymer molccules, which mey be duo to a tendency of the polymer to ‘

form microcrystallitcs.(z) to thc presence of polar catalyst resicues in
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non-polar polymcrsfs) or a nen-polar cc-monomer in s hydrophilic polymcr(4).
By measuring osmntic pressurces of solutiorns of mixcd ecidic and basic

pcly—crs with lnowm concentrations of interacting groups, i° aiff.rent sol-
vents and it different tomperatures, e systomtic study o»f such ussociation

phenomena can be carricd out. In the present. investigation cenolymers cf

sethyl methacrylate with muthucrylic acid snd di-cthylamiro ethyl mcethe

acrylatz, respectivily, werc uscd, These systems warc chesen beceuso cf the

similar reactivity cherectceristics ¢f the mornom.rs, so that copolymcrizetion
cruid be orrrici to fairly aish conv._ rsiosn without danger ~f en uppreciable

drift ir thc composition of the copelymer,
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‘onom.re tand polymerizetion cetalyst

- s —

U_thyl =cthacrylute (Rohm and Yaas Co.) was distilled under nitrogen
et s pressurs of 3,8 mm. He., cclleetirg the material within the toiling

| range of 17°C-18°%,

Slacial methacrylic ceid {dohm nd Hans Co.; ~ms dictill ¢ undor

ritroger nt & pressarc of 20 mm, p., /n p, 7C°C.
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Dimethylamino cthyl methacrylate (Monomcr-Polymer, Inc.) wan distilled
aftor addition of 0.2% pioric acid inhibitor, The boiling rango wmus
55.540.-56.5'0. at 2.5 mm. Hg.

Azo-bis-isobutyronitrile obtainod from the Eastman Kodak Co. was used

without furthor purification.

Preperetion of copolymers

Copolymor A wus preparcd by heating 361 gms. methyl mcthacrylatc,
16.4 gms. methacrylic ncid, 361 gme, benzenc ond 3,722 gms. azo-bis~
isobutyronitrilc catalyst for 6% hours et 60°C. Thc rcactants woro shaken
cvery hour, The polymer solutior was diluted witn 300C ml. buttnonc «nd
prccipitated into o seven-fold oxccss of hexnne., The polymcr wes purified
by reprecipitntion fror- a 3% butunonc sclution into o ton-fold excess of
hexanc 2nd dried in wvacuo at 40°C, Thc yield was 173 gms, (46% conversion).

Copolymer B wns prepurcd from 255 gms, methyl methucrylate, 24.4 gms.
dimethylamino othyl methaorylitc, 0,59 gms. azo-bis-isobutyronitrilc ond
295 gms. benzerncs The polymerization and polyner purification were carried
out i~ thc sam: rmenner as with copolymcr A. The yield was 143 gms. (45%

cor.version).

Analysis of copolymers

The copnlymers wore rnalyzec by titrotion of 0.5% solutions in a
bonzene-ethanol mixture contuining 90¢ by volume of benzenc., Sodium
cthoxide ir the sa=. solvent mixturce wnd phenolphthalzin indicator worc uscd

to determine the corboxyl content of copolymr A. MNitregon wes pasced through
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the snlution during the titrotion. Tho sodium cthoxide solution was

steendardized ugrinst benzoic ncid in the some solvent mediums A solution

of ACl in the benzene-cthanol mixturo (propared by adding 0,05 ml. 12
aqueous HACl to 100 ml. of the mixod solvents) wms used to titratc thc emine
in copolymcr B. Methyl orang. indicntor wms used and the titrating solution
wns standnrdigzcd agninst sodium ethoxide,

Sopelymor A ves found to contain 4.9 2 .07ml % methacrylic aoid,
copolymer B contanined 6.83 2 0.07 mol % of dimethyl amino cthyl mcthacrylate.

This compnred with § mol % of the acidic and basic co-mnomer ruspectively in

the mixcd monomers,

Osrotic pressure mofsurcment

Technical butanonc was dried aver rnizht over crhydrous caleium chloride,
filtcred and distilled, The medium friction toiling at 79.6°C, was colloctcd..

Benzenc nnd pyridine (*hllinckrodt anrlyticol reagont grade) wro
sirilerly dried and distillode Wot rcgonerctid cellophane film membrancs
type 300 abtuined from Sylvanin Division, Amcricun Viscose “ompany werc usod
ufter conditioning t5 the npproprir to sclvent,

Limm-"yerson osmaometurs having stoinless steel plates were umrloyed,
Tompernture fluctuations cof the thermostatic bath used for tho munsurcments
4ere luss thor C.008°C., Osmotic cquilibrium wms nttairned within 1-3 duys
for 21l salutions contiining n oxcess of basic polymcr -hcereas oquilibrium
vwit.s <pproachod preogressively =orc sicrly for sclutions eontaining an increasing
cxecss nf acidic polycer in benzune or butanona. For the pur. ccicdic polymer

in butrnone, th: osmotic pressure incrcascd continuously for absut 20 days,

VN g



This slow approach to equilibriur % g8 rnot caused by the slsvmess »f the
diffucion prociss through the membrine sincu anttumpts to raisc the sclutior
level in the csmemetcer werc followed by w rapid 4rep of this level, followed

by o slow risc <s if there h d beer ne interforince. By controst, csmotic

equilibrium with pyridine solutions of the acidic pulymer werc rcached very
rupidly (~bout 3 hours). Ir this casu therc was considerable diffusion of

the pelymer through the memtrans which hed to be allowed for by a suitable

extrapolation to zer> tirme,

Sincc benzens solutions containine mixturcs of the ccidic and basic

coprlymers tend t gel beliw 48°C,, svuecial precautions had to be sbscrved
| ir preprring th. s>lutiorn and filling thc osmometers,
The slopes nnd intercopts of thc reduced csmetic pres: e plots werc

calculated bty thc least squnrcs m:thod,

AESULTS AMI T1SCUSSION

The reduced -~cmitic prescurcs -f s:lutions of the cupslymurs A and B

rnd th-ir mixturces in but nern. ot 30,2°C, wré 50.1°C, “rd in terzenc at

e e

49,7°C. are nlottcd ir Fipures 1,2,3,4,5 w.nd €. In all cusos the reduccd
zsmotic presnurs is u line.r furectiin £ coneentration, thy slipe changing
grodualiy fro= the slightly positive vilus -f cop lymer B to the slightly
; negrtive Slopc ~f oopolymer Al IV T obours, thet Lkis sicpe is linour in
the woight evmposition ~f the mixturc (Figure 7).
The moleculur weights »f the bacie e pr lymer ~nleulvted £rom the
int.rccepts ¢ th: rcduecc osm:tic trossure plets in the tw: s. 1lverts checked

within the vyperiment.l crreor (135,000 rnd 134,000 in butanone a2t 30.2°C,
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and 50.1°C. rcspuctively »rd 137,000 irn berzenc)., By contrast, the 2cid

o.p lymr showed- strong associntion in berzene ot 49,7°C. with on apparent

m lecular weight ~f 184,000 ns agninet vlucs of 42,200 cnd 34,000 obteined
from the osrotic pressures in but-n-rc at 30.2°C, and 50.1°C. rcspeetively.
Tu ¢liminite the uncerteinty os €~ the true mnlccular weight «f thce aoid
c p lymer, -smztic pressures worc “ectormined in pyridine at 49.7°C. 1In
thic besic sslvent curbexyl nss-cintispn is urlikoly und the molccular weight
~btrines was 3z, 300.

On cxtrzp-iloting the reduccd ~smotic pressures ~f the mixcd copolymers
t- zer. c-ncentrati-rs, vory low vlucs worc cobtained, whicn in most cmses
were actutlly lower then thosc »f clither comprnent of the mixture., Sincc z11
p:lymer nggregntes must ncceesarily dissccinte at infinite dilution, the
results indicrtc thrt this Ziss=:ci.tis>n becumes apprecicble only in sclutioms
toc dilute for ~smotic pressurc measurcemint, In Figurc 8,  th. rociprocal
“pparcnt nurber wvertge malecular woights (l/gh) calculated fyrom the reduced
ssmitic pressurc intercepts cre given us o functian ~f tne ww2icht composition
ol the “op-lymer mixture, If thero 1o no assceinti-n betweon the comprnents
.f 2 mixturc, thc reciproeal number avernge molceculer weight is lincar in the
welght composition ond thy “voshed line in Figure 8 ropreaents the l/ch values
c.rrospinding t the avoence f mileculnr aggregati-n, W muy dofine a
"degree of ugsscintion' D ors the rntis of the rpparent molesular weight
founa experimentilly to the wluc which wwld result on dissvci .tisn of rli
p~lymer asomplexes, This quantity D roprosents the avercge number of polymer

mlucules formin © one kinstic unit rnd it 1s given <5 o funeti-n of the
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woieht compisiting .f the o prlymer miytures ir Figure 9, It con bo scen
that in butrnon< tr number of polymer m loccules Somming o argregnte in-
creses stocply or mixing thr tos ¢ p lymors, sharp maxiee of D = 5,43 and
D= 2.20 teing obtuined for » mixture ~f cquzl weights »f the tw: compsnents
st 30,2°". and 50.1°C. respectively. Ir venzenc, *ac results incicntce that
ncid-base interneti n is supcrimposed ~n strong carboxyl associotioms A
published stuldy f tornnry systems oontsiring benzerc, low molceculars weight
cart-xylic ncids (A) ancd tertiery cmires (X) indicatod(s) tn¢ prescnee of
c~mplexes ~f tho type YA ond NA4 in nddiﬁ}cn t» NA and Ap ard similar
cquilibria cxist pr bebly ir s:lutions £ the mixet cop-lymers in beazene,
A thermodynnmic troatrment of the results is given in the Apperndix, If
the idc:1 strtc 1 the cop 1y-er A i8 th. ~f 1\ hypsthotizal s-luti:n of
the st=c c.mpasitisn from which o lymer asscintisr ic ¢limir-tcl, thomn its

activity ~oefficicrt ia presina. f such szs el ti-r is

Ay
n = 1‘(O!A)r: (1)

. 8 .
. W o ) L. (2)
- '\ D 4%, D

whiere W and ¥ oare the molecular wolzznts =f the tu: p lymer spccics,C‘A is

the weight fricti n »f ¢ polymcr A in the pr lymer =ixturc and ¢ is the total
P lymer concentroti-n, The function fGJ(A) is unknwn, since the oczsmstic
prcesures in the ¢ oncertr.tisn roee in vhich the gely=ur czgregntes

wissiciste and approcel, id2l s luti o brh vior, are .o sanll v b

-
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measuraublec, As « result, only rclative netivity coclficlicnts cnn be
calculated, An analogrus cxpression h: ids fer nctivity cucfficicnts of the
be.sic cop lymer, Values . f /3A wne (38 £5r butunecne s-lutions at 50,1°C,
are plotted in Figurc 10. In thcesc s-luti-~ns the interprotation -f the ro-
sults is simplified by thc virtu~l c=bscrnce of any assnaciation of thc acldic

copalymer. The cetivitics ~f the tro p lymcers arc given by

ap = oW " f(ot.'\)cl' /?\

(3)
le
ng = c¥p = £{Xp)e pE

s.: thrnt ir the c¢ampsiti-n rangc in which ,6A or /?B is sm:ller than -1, the

activity ¢f thec ocrrcsp nding prlymer specics deorcasos with increasing

¢ necertration, We beliuve that ar ¢ffect ~f this kind hrs not previously

been obscerved,

Since this study wns exvlarat ry in ratuvre, unfractisn ted p -lymer
sna~ples werc used, It has been r:,~rtcd(3) that the degrzc ~f assvelatisn ~f
polymoers whicn tend to aggregute incronscs with the molecular weight of the
p lymer fracti n and this >bscrvution sh-uld be checkod with prlymers having
known ¢ neentr-ti-ns »f intcracting gr-oups,

The ruthors arc gretcful t- 'r. L. S, “hang wnd ‘., 4. Sildborberg for

the preprration and analysis of the o-p lyrmors uscd in this wwerk.
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APPRIDIXs Activity Coefficients T Acidic und Braic Prlymirs ir Snlutinns
~f their 'Mxturcs.

Consider « temary systom containing o snlvent (denotel by subseript o)
and twy intcrscting poly-ers, A anl B, Through 2emotic pressurc measurements,
the prrtial m:lar fyce cnergy - thu sclvent £Fg is kmown as o lunctiorn »f the

cp.sitisn oI the system., From theso &Fy vulucs we wurnt to derivo volues ~f

pertinl mrlar free cnorgics of the velymor components. Denoting by n the

o
nurber ~f meles ~f the comionente, M their molecular weights and "' ‘noir
densities, we have for a constant total volume 5f the sclution V
[ ¥, o, &, D&, P&, W[, B,
= il * ()
dny / ngVv Srn, ", Iny 9n, M PA 3ny

for dilute srlutions the concoentratizn f ooly=or A is ~pproximately

I
c. 2 n, M, f n. M nanid
n A A O/ o 0

dﬁ‘o) = ‘1\ /)o 1+ i)_ C"A (30 3&‘) . ad’o - c'VA ()a BCFO e 3&‘;\
(ch/ cgV  Mn, ()A “o"op,\ Jdc 3n, M e\ 3¢ n, Sc
' (5)

wherc ¢ is the total crnecerntrition of the mixedl polymers,

Sincc ¥, i3 relate’ t: :smotis pressure by Eo = T-X;,)k’rvf/f"o .

'nt ¢/ is =1l ¢ -mparci to unity,

S&y 1 '377) 1 2T
dec c \®c; cBV =7 3¢

11 ¢xperimente) results ir this study ¢ nformed t° a coneentration

ucpen-ionee of ssmutic pressure o the form ” = Xc + 7e? where X and Y were

ey
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fircti ns -f OCA a o;\/c. thz weirht froctior f pulymer A in the mixed

pclyrmer. Thue

:
|

24 of c ; 7)
DN T T P - T 1 (
2, e Ay ¢ 2 doe. Py Pa

It we <cfine the nctivity coefficicnt of polymer A by 273 = »,/0%, ,
where n. is *he actual activity and O.A the nctivity that would rosult in the
absenca ~f specific intor«ctions betwcen the gpolymers, theu

- * = P* 1r
QFA &K ) =g 1"3‘; (8)
In the nbsence of specific interections the intercopt of tre reduced

asmaitic prescurc ol t »f a mix.d polymor is X =Q(, -Rl - (1..(1,&) L]

A My
RT RT : :
and dX/daLA = ? - -g « Sinco the sec'm? virial coefficiont Y aproers to

be unaffeeted by the acidiebasc interaction -f the p-lymors,

31“7A Op 71X o’ ) 1
2= ) me (( 22 m-——-—‘&-- )

" -
6“ (o] *\ c A
. (9)
and since —p—i- K —;-
21m7n M /(1 ) X RT ) (10)
- wks = =
> RTo A, th
and in terms f the "degroc ~f asc-eirtion D" defincd by
D=-)](=,/(1 az,)EI- 'x“%l} (11)
vc ~otain
. CoM (1% 2
( Bh)e’ A( A) D 1 ) . c'731 e’ (12)
LT £ ST L e =
(ZA)e w\ 0/ ex, "D te T
ﬂA - .
¥, = f (xy)e (13)
& 00



S AT A A MGt TS Al - A

:’o.—-c

e,

)

(2)

(3)

4)

—~
<
-

Ho

P.

Refcrences

Usregete, L.S.Chng and R,4.Gobran, puper prescnted
et the atlantic Yity mccting of the americin Chemiccl
S~cicty, S2ptembeor 19£2,

Doty, H. #nyrer o S, Singer, J. Pnys. C-olloid Cher.,
51, 32 (1947).

Ao Trementozzi, R.F.Stiiner on2 P.D-ty, J. am. Chem,
S»c., 74, 2070 (19s2).

F. Nord, M, Bicr an!d M., Timosheff, J. Am, Cheme Soc.,
173, 289 (1951).

Kuf=ar 2nd C,R,Singletcrry, J.Phys.Chcm,,56,604(1952).

A

!

-



- e e s P 48— ————— e 25 >

ra‘ e

FIG. I
60
a
40
o~
& N 9A0l0
4
L
-~ 1
¢
]
Q
®
Eko
20 ,
TA+3®
©6A+ 48
SA+SB
o J
o 4 [ [

103C (gm/mi.)

Re¢ «ved osmotic pressure plots of butanone solutions cf acidie
?olymer (A) and mixtures of acidic and basic pclymers ‘a + B).
Temp. 30.2°%.).

-



ras

Fi1G.2
30
]
~—~ e pm—
& 2
g 1A 90
L)
( ~ el e Q=
==
39 )| ‘3:«-15
¢ 2
s O uogx
&R
o
() 4 o (-]
10%C (gm /mi)

Reduced osmotic pressure plots of butanone solutiens of basic

folymr (B) and mixtures of scidic and basic polymers (A ¢ B).

Temp. 30.2‘CO)0

¢

momsssaion..

T s oy



04 8 — P " T ———— ® S———

N —— e ——

FIG. 3

? w

o 9A+(B
g

=
¢ 40

o]

*
e TA+38

20 6A+48
o 1 I 1
o) 2 4 6 8 [o)

10® C (gm/mi)

Reduced osmotic pressure plots of butanone solutions of
acidic polymer (A) and mixtures of acidic and basic
olymers (A + B),

fTemp. 50.1°C.).

© N et gy



PN

FIG. 4

40
[ ]
_30f noan
& A+ 10
s T XY
> sAe50
' 20
o
o
Elov
10 1 1
0] 2 4 8 8 10

10®C (gm/mi)

Reduced osmotic
basic polymer (B
olymers (A + B).
?Tenp. 50:1°%C4) s

ressure pilots of butanore solutions of
and mixtures of acidic and basic

JRESPStE



ol !7——--——
‘i*!
e ¢ i T e

e I — - B a———- T TP L TN T T S | S AL L .

FIG. 6

35 [
B
30 ‘
€
< 25f IA+98
<
e
o 20
P 3A+78
'SW SA+s8
10 ——1 .
) 2 4 6 8 10
10® Clomint)

Reduced osmotic pressure plots of densene solutions of

basic polymer (B) and mixtures of acidic and basie
olysers (A + B),

%relp. 49.7°%C.).




r-‘!"‘.":"

P T

FIG. 7
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